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Abstract  
The purpose of this study was to investigate address position var-
iables in response to changes in ball position in golfers. Eleven 
male professional golfers were instructed to perform their golf 
swing. A three-dimensional motion analysis system, with eight 
infrared cameras and two force platforms, was used to capture the 
address positions. A golf ball has a diameter of 4.27 cm, and a 
radius of 2.14 cm. Even small movements of ball position in the 
mediolateral (M-L) and anteroposterior (A-P) directions signifi-
cantly changed the address position. When the ball was moved to 
the left, the shoulder rotation and club-face aim rotated toward 
the left of the target, and the left vertical ground reaction force 
increased. When the ball was moved to the right, the opposite 
findings were observed. When the ball was moved closer, the 
trunk, hip, knee, ankle, and absolute arm angle extended; the lie 
angle of the golf club increased; and the center of pressure moved 
toward the posterior direction. These changes were reversed when 
the ball was moved further away. The M-L ball position critically 
changed the address positions of the upper extremities in the hor-
izontal plane, and the A-P ball position critically changed the an-
gles of whole body parts in the sagittal plane. Furthermore, club-
head kinematics at impact such as club-face aim, club path, and 
angle of attack were significantly changed in the M-L ball posi-
tion; and club-head speed and angle of attack were significantly 
changed in the A-P ball position. This in-depth understanding of 
the address position in association with the ball position could 
provide valuable data for swing coaches when finding a golfer’s 
optimal address position. 
 
Key words: Alignment, club-face aim, kinematics, kinetic, lie 
angle.  

 

 
Introduction 

 
In golf, the address position is a term broadly used to de-
scribe the position the body adopts to hit the ball (Zhang 
and Shan, 2014). The kinematics and kinetics of the ad-
dress positions of elite golfers have been highlighted as im-
portant areas to study for improving swing skills (Okuda et 
al., 2010; Wrobel et al., 2012; Zheng et al., 2008a).  

Ball position is among the various constituent ele-
ments of the address position that have been investigated 
in previous studies. They found that the ball position can 
lead to changes in the distance, direction, and trajectory of 
ball flight (Chen et al., 2007; Bradshaw et al., 2009; Zhang 
and Shan, 2014). Chen et al. (2007) found that the optimum 
ball position along the mediolateral direction increases 
club-head velocity at impact. Zhang and Shan (2014) found 

that variability in the ball position along the mediolateral 
direction directly influences the execution of a consistent 
golf swing, and that a variation of ±0.6 cm in the ball posi-
tion could translate into a variation of ±3° in the vertical 
ball launch angle. Thus, minor changes in the ball position 
can lead to changes in the distance, direction, and trajectory 
of the ball flight. 

However, these previous studies on ball position 
provide a limited biomechanical explanation regarding the 
relationship between ball position and ball flight. One pos-
sible interpretation is that the angle of the body joints in the 
address position changes to adapt to the different ball posi-
tion; therefore, the change in the address position can in-
fluence the golf swing, which will ultimately affect the ball 
flight (Smith et al., 2012). However, it is unclear whether 
the address position is affected by a change in the ball po-
sition.  

Many swing coaches also emphasize the im-
portance of finding the optimal address position in their in-
structions for maximum performance, and focus on the ball 
position for a well-balanced address position (Cochran and 
Stobbs, 1968; Dusek, 2006; Hogan, 1957; Leadbetter, 
1990; 1993; Murphy, 2011; Nicklaus, 2005; Peper and 
Frank, 1997; Watson, 2011; Wiren, 1990; Woods, 2001). 
If so, an in-depth evaluation of the address position in as-
sociation with the ball position could provide valuable data 
for swing coaches. 

There are relatively little published data on the ad-
dress position. Most studies have included the address po-
sition as part of the golf swing, and therefore, few address 
position variables have been examined. Zheng et al. 

(2008b) quantified trunk orientation at the address position 
using a three-dimensional (3D) motion analysis system. 
They found that female professional golfers have 3° less 
trunk flexion than male professional golfers. Although pre-
vious studies have focused on the kinematics of trunk flex-
ion, future work should explore the joint kinematics of the 
lower body, kinematics of the upper extremities, orienta-
tion of the golf club, vertical ground reaction force 
(VGRF), and center of pressure (COP), to have an in-depth 
understanding of the address position.  

This study aimed to examine address position vari-
ables with respect to changes in the ball position along the 
mediolateral (M-L) and anteroposterior (A-P) directions. 
We hypothesized that there is a significant difference in ad-
dress position variables in response to a change in the ball 
position along the M-L and A-P directions. Such variables 
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include the kinematics of trunk flexion, joint kinematics of 
the lower body, kinematics of the upper extremities, orien-
tation of the golf club, VGRF, and COP.  
 
Methods 
 

Participants 
Eleven right-handed male professional golfers from the 
Korea Professional Golfers’ Association (mean ± standard 
deviation: age 27.82 ± 3.87 years, height 1.78 ± 0.07 m, 
mass 75.23 ± 8.54 kg) volunteered to participate in this 
study. G*power was used to assess the number of partici-
pants required for this study (β = 0.15 and α = 0.05). The 
participants had no history or complaints of chronic pain, 
major injuries, or had undergone surgery in the preceding 
6 months. The study protocol was approved by the institu-
tional review board, and all participants provided informed 
consent. 

 
Instrumentation 
Testing was performed in an indoor facility, using a motion 
analysis system with eight infrared cameras (Vicon MX-
F20, Oxford, UK, 250 Hz) and two force platforms (OR6-
7; AMTI, Watertown, MA, USA; 2000 Hz) to capture the 
address positions. Participants hit golf balls off an artificial 
turf surface into a net located 5 meters in front of the con-
tact position. This experimental setting of the net position 
was intended to reduce bias in respect of the address posi-
tion change due to the ball flight feedback. A target line 
with a diameter of 30 cm was attached to the center of the 
net; participants aimed at the target line. 

 
Procedures 
Each participant wore a fitted indoor outfit and the same 
shoe type to ensure data accuracy. The necessary anthro-
pometric information was obtained and entered into the 
motion analysis system. Anthropometric measurements of 
the lower extremities were taken, including body mass and 
height, leg length, knee width, and ankle width. Anthropo-
metric measurements of the upper extremities included 
shoulder offset (the vertical distance from the center of the 
glenohumeral joint to the marker on the acromion-clavicu-
lar joint), elbow width, wrist width, and hand thickness. 
Thirty-five reflective markers (diameter 14 mm) were 
placed on anatomical landmarks based on the Vicon® 
Plug-in-Gait model: left front head, right front head, left 
back head, right back head, 7th cervical vertebrae, 10th tho-
racic vertebrae, jugular notch, xiphoid process, right scap-
ula, acromion-clavicular joint (left/right), lateral epicon-
dyle (elbow, left/right), radial side of the wrist bar 
(left/right), ulnar side of the wrist bar (left/right), hand (just 
below the head of the second metacarpal, left/right), left 
anterior superior iliac spine, right anterior superior iliac 
spine, left posterior superior iliac spine, right posterior su-
perior iliac spine, lateral thigh (left/right), lateral epicon-
dyle (knee, left/right), lateral malleolus (left/right), lateral 
tibia (left/right), second metatarsal head of the foot 
(left/right), and calcaneus (left/right). Additionally, three 
markers were attached to a five-iron club head to identify 
the club-face aim, loft angle, and the phase of the address. 
Two markers were attached to a club shaft to identify the 

lie angle. Reflective adhesive tape was attached to a golf 
ball (Figure 1).  
 

 
 

 
 

 
 

Figure 1. Marker configurations for data collection. 
 

The participants completed a self-selected warm-up 
for a minimum of 10 minutes that involved several golf 
shots. After the warm-up, the participants were asked to 
assume their preferred address position with the golf ball, 
and the positions of each foot were outlined by attaching 
tape to the force plate in the form of a cross over the toe 
and the heel (Figure 1). To find an accurate reference ball 
position, the participants were asked to assume their ad-
dress position five times while the foot position was fixed 
to the outline, and participants were then able to move the 
ball position. We calculated the mean ball position using 
the positional data of the golf ball from the five trials. The 
positional data of the golf ball was calculated from the 
origin of the global coordinate system, which was located 
at the edge of the force plate that the right foot was located 
on.  

The LPGA Teaching Manual (2000) states that the 
correct ball position is different for each golfer. Thus, in 
this study, the reference ball position was determined as the 
preferred ball position of each participant. Additionally, if 
the same reference ball position was used, different levels 
of discomfort bias could have occurred among the partici-
pants. 

The M-L ball position testing conditions were the 
length of one golf ball (4.27 cm) to the left, half of a golf 
ball (2.14 cm) to the left, half of a golf ball to the right, and 
one golf ball to the right of the reference ball position (from 
the player’s viewpoint). Furthermore, the A-P ball position 
testing conditions were one golf ball closer, half of golf ball 
closer, half of golf ball further away, and one golf ball fur-
ther away from the reference ball position (Figure 2). 

The participants were asked to perform a full golf 
swing for each ball position at the outlined foot positions. 
Executing a golf swing instead of just adopting the address 
position could provide more realistic data on the effects of 
the ball position. Zheng et al. (2008b) averaged the best 
two   out  of   ten  trials,  and  Okuda  et  al.  (2010)  asked  
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participants to perform five trials and averaged them. Our 
testing was completed once the participant successfully hit 
five trials, which were then averaged. After participants 
completed five trials in one ball position, we asked partic-
ipants to leave the experiment room during the changing of 
the ball position, and we randomized for the nine different 
ball positions. We ensured participants kept their feet in the 
taped cross for each trial. Our independent variables were 
measured at nine different ball positions in five trials that 
comprised a total of 45 trials. During all the golf swing tri-
als, the positions of the raw markers and force plate data 
were collected. 

 
 

 

 
 

 
 

Figure 2. A reference ball position and eight different ball po-
sitions along the M-L direction and A-P direction. 

 

Data analysis 
The coordinates X, Y, and Z in the global coordinate sys-
tem were defined as the A-P, M-L, and vertical axes, re-
spectively. The 3D coordinate data were smoothed using 
the Woltring filtering routine, with a mean square error of 
10 mm2 (Woltring, 1986). The filtered 3D coordinates were 
then processed to calculate the address variables using a 
custom-written program in LabVIEW (2016; National In-
struments, Austin, TX, USA). 

The address position was identified as the frame be-
fore the club moves away from the ball. Shoulder rotation 
was defined as the horizontal rotation angle of the shoulder 
in the global horizontal plane, in which the shoulder is 
identified between the right and left shoulder markers (neg-
ative for aligning left of the parallel line of the target; 0° 
for the global Y-axis, which is the parallel line of the target) 
(Figure 3a). Pelvic rotation was defined as the horizontal 
rotation angle of the pelvis in the global horizontal plane, 
in which the pelvis is identified between the right and left 
anterior superior iliac spine markers (negative for aligning 
left of the parallel line of the target, 0° for the global Y-
axis) (Figure 3b). Shoulder side-bending was defined as the 
side-bending angle of the shoulder in the global frontal 
plane, in which the shoulder is identified between the right 
and left shoulder markers (negative for bending toward the 
trailing side, 0° for the global Y-axis) (Figure 3c). Pelvic 

side-bending was defined as the side-bending angle of the 
pelvis in the global frontal plane, in which the pelvis is 
identified between the right and left anterior superior iliac 
spine markers (negative for bending toward the trailing 
side, 0° for the global Y-axis) (Figure 3d). Trunk flexion 
was defined as the flexion angle of the trunk in the global 
sagittal plane, in which the segment is identified between 
the 7th cervical vertebrae marker to the center of the right 
posterior superior iliac spine and the left posterior superior 
iliac spine markers (positive for flexion, 0° for the global 
Z-axis) (Figure 3e). Hip flexion was defined as the angle 
between the pelvis and thigh (Figure 3f). Knee flexion was 
defined as the angle between the thigh and shin (Figure 3g). 
The hip and knee flexion angles were 0° at full extension. 
Ankle dorsiflexion was 0° at 90° from the foot (positive for 
flexion) (Figure 3h). Hand height was the defined as the 
vertical length between the hand and the ground, in which 
the hand was identified as the center of the left hand and 
right hand markers (Figure 3i). Head height was the de-
fined as the vertical length between the head and the 
ground, in which the head was identified as the center of 
the left front head, right front head, left back head, and right 
back head markers (Figure 3j). Absolute arm angle was the 
defined as the shoulder flexion angle in the global sagittal 
plane, in which the segment is identified between the cen-
ter of the left shoulder and right shoulder markers to the 
center of the left hand and right hand markers (positive for 
flexion, 0° for the global Z-axis (Figure 3k). Club-face aim 
was defined as the global horizontal rotation angle of the 
club face in the horizontal plane, in which the club face was 
identified between the toe and heel markers on the club 
head (negative for aiming left of the target, 0° for the global 
Y-axis) (Figure 3l). The lie angle was defined as the shaft 
angle relative to the ground in the global sagittal plane 
(Figure 3m). The loft angle was defined as the frontal rota-
tion angle of the toe of the club head in the global frontal 
plane, in which the toe of the club head was identified be-
tween the two markers on the toe of the club head (positive 
for adding loft angle, 0° for the global Z-axis) (Figure 3n). 
VGRF was defined as the percentage of the total ground 
reaction force with respect to the body weight (Figure 3o). 
COP X and COP Y were defined as the change of the COP 
along the A-P and M-L directions, respectively (Ball and 
Best, 2007) (positive for the anterior and lateral direction, 
0 mm for values at the reference ball position) (Figure 3p). 

We also quantified club-head kinematics at impact 
such as club-face aim, club-head speed, club path, and an-
gle of attack. Club-head speed was derived from the result-
ant velocity of the club head, and both the vertical and lat-
eral velocity vectors were calculated and used to represent 
the club path (positive for in-out club path, 0° for the global 
Y-axis) and angle of attack (negative for downward angle 
of attack) (Sweeney et al., 2013). 
 
Statistical analysis 
The mean and standard deviation for each dependent vari-
able were calculated for the nine different ball positions. 
For each participant, all dependent variables were based on 
the average of five participants’ trials. To examine the dif-
ferences in the address position for the M-L and A-P ball 
positions, we used five-level ball positions for each direc- 
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tion. We conducted one-way analyses of variance with re-
peated measures (PASW Statistics 18.0; SPSS Inc., Chi-
cago, IL, USA), followed by Bonferroni post-hoc tests. A 
P value of <0.05 was considered significant. We performed 
repeated measurements on each of the 21 address position 

dependent variables and four club motion dependent vari-
ables at impact position, between five-level ball positions 
in each direction (M-L and A-P); repeated measurements 
were performed a total of 50 times. 

 
 

 
 

Figure 3. Definitions of kinematic and kinetic variables: (a) shoulder rotation, (b) pelvic rotation, (c) shoulder side-bending, (d) 
pelvic side-bending, (e) trunk flexion, (f) hip flexion, (g) knee flexion, (h) ankle dorsiflexion, (i) hand height, (j) head height, (k) 
absolute arm angle, (l) club-face aim, (m) lie angle, (n) loft angle, (o) vertical ground reaction force (VGRF), and (p) center of 
pressure (COP). 
 

Results 
 

Mediolateral ball positions 

Of the 21 address position variables collected, eight had a 
significant difference in the M-L ball positions (Table 1). 
Shoulder rotation, shoulder side-bending, left VGRF, right 
VGRF, and club-face aim were significantly changed in M-
L ball position (all p < 0.001); there was a typical trend that 

when the ball was moved to the left of the reference ball 
position, shoulder rotation and club-face aim rotated 
toward the left of the target (which is called “open shoulder” 
and “closed club-face” in golf instruction), shoulder side-
bending toward the trailing side increased, left VGRF 
increased, and right VGRF decreased. When the ball was 
moved to the right, the typical trend was the reverse; 
shoulder rotation and club-face aim rotated toward the right 
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of the target (which is called “closed shoulder” and “open 
club-face” in golf instruction), shoulder side-bending 
toward the trailing side decreased, left VGRF decreased, 
and right VGRF increased. Besides these results, the 
absolute arm angle, hand height, and the lie angle were also 
significantly changed in the M-L ball position but only 
showed minor level of change (max output – min output: 
0.6°, 3.9 mm, and 0.4°, respectively), and there was a 
zigzag trend. Furthermore, club-face aim, club path, and 
angle of attack at impact were significantly changed in the 
M-L ball position (p = 0.002, p < 0.001, and p = 0.003, 
respectively); the typical trend was that when the ball was 
moved to the left, the club path became toward the out-in 
club path and the downward angle of attack reduced. When 
the ball was moved to the right, the typical trend was the 
reverse; club path became more in-out club path and the 
downward angle of attack increased; furthermore, the club-
face aim rotated toward the right of the target. 

 

Anteroposterior ball positions 

Of the 21 address position variables collected, 14 showed 
a significant difference in the A-P ball positions (Table 2). 
Trunk flexion, left and right hip flexion, left and right knee 
flexion, and left and right ankle dorsiflexion (T-H-K-A) 
were significantly changed in A-P ball positions (all p < 
0.001, except left hip flexion p = 0.02); there was a typical 
trend that when the ball was moved closer to the reference 
ball position, T-H-K-A extended, COP X moved in the 

posterior direction, absolute arm angle moved closer to the 
body, hand height and head height increased, and the lie 
angle increased. When the ball was moved further away, 
the typical trend was reversed; T-H-K-A flexed more, COP 
X moved in the anterior direction, absolute arm angel 
moved further from the body, hand height and head height 
decreased, and the lie angle decreased. In addition, the left 
VGRF and right VGRF were also significantly changed in 
the A-P ball position, but only showed minor level of 
change (max output – min output: 1.2 and 1.2% BW, 
respectively), and there was a zigzag trend. Furthermore, 
significant differences were only observed between the one 
closer and 1/2 further. Furthermore, club-head speed and 
angle of attack at impact were significantly changed in the 
A-P ball position (p = 0.003 and p = 0.02, respectively). 
The typical trend was that when the ball was moved closer, 
the club-head speed decreased; when the ball was moved 
further away, the club-head speed increased, and 
downward angle of attack reduced. 
 
Discussion 
 
This study aimed to examine the address position variables 
with respect to changes in the ball position along the M-L 
and A-P directions. As hypothesized, there were significant 
differences in the address position variables for different 
ball positions along the M-L and A-P directions.  
  

 
Table 1. Address position variables and club-head kinematics at impact for the mediolateral ball positions (mean ± standard 
deviation). 

 1 Left 1/2 Left Ref. 1/2 Right 1 Right P 
 Address position variables 
Shoulder rotation (°)  -1.5 ± 2.7 -0.8 ± 3.1 -0.8 ± 3.2 -0.4 ± 3.0 0.3 ± 2.5 <0.001*† 
Pelvic rotation (°) 0.3 ± 3.2 0.8 ± 3.2 1.1 ± 3.3 1.0 ± 2.8 1.2 ± 3.0 0.11 
Shoulder side-bending (°)  -13.0 ± 2.7 -12.4 ± 2.9 -12.0 ± 2.6 -11.6 ± 2.7 -11.5 ± 2.5 <0.001*†‡‖‖¶ 
Pelvic side-bending (°) -0.6 ± 3.1 -0.7 ± 3.3 -0.3 ± 2.7 -0.4 ± 3.2 0.1 ± 2.9 0.07 
Trunk flexion (°) 41.5 ± 3.1 41.5 ± 2.9 41.5 ± 2.9 41.4 ± 3.0 41.1 ± 2.9 0.07 
Left hip flexion (°) 33.9 ± 7.8 33.8 ± 7.4 34.1 ± 7.5 33.3 ± 7.3 33.6 ± 7.8 0.29 
Right hip flexion (°) 36.5 ± 8.1 36.8 ± 8.0 37.1 ± 8.2 36.6 ± 7.7 36.9 ± 8.3 0.57 
Left knee flexion (°) 21.6 ± 7.6 20.9 ± 7.15 21.5 ± 7.4 20.8 ± 7.4 21.4 ± 7.3 0.19 
Right knee flexion (°) 24.0 ± 5.6 23.6 ± 5.4 24.4 ± 5.5 24.1 ± 5.7 24.3 ± 5.8 0.15 
Left ankle dorsiflexion (°) 4.7 ± 4.1 4.6 ± 3.6 4.9 ± 3.7 4.6 ± 3.6 4.8 ± 3.8 0.57 
Right ankle dorsiflexion (°) 5.1 ± 2.9 4.9 ± 2.8 5.2 ± 2.9 5.1 ± 3.2 5.2 ± 3.1 0.67 
Hand height (mm) 653.7 ± 22.3 656.6 ± 21.4 655.8 ± 21.8 657.6 ± 21.3 657.0 ± 21.6 0.03*§ 
Head height (mm) 1515.5 ± 48.3 1518.5 ± 49.0 1517.9 ± 51.7 1519.2 ± 49.8 1517.1 ± 48.8 0.12 
Absolute arm angle (°) -1.9 ± 3.1 -1.8 ± 2.8 -1.3 ± 2.8 -1.8 ± 2.7 -1.6 ± 2.9 0.02‡‡ 
Club-face aim angle (°) -3.4 ± 2.8 -2.9 ± 2.8 -2.1 ± 3.1 -1.9 ± 2.8 -1.4 ± 2.8 <0.001*†‖‖¶**
Lie angle (°) 52.5 ± 2.4 52.7 ± 2.3 52.8 ± 2.3 52.9 ± 2.3 52.9 ± 2.3 0.012*† 
Loft angle (°)  18.5 ± 2.8 18.2 ± 2.8 18.6 ± 3.4 18.5 ± 3.0 18.6 ± 2.7 0.36 
Left VGRF (%BW)  56.8 ± 4.5 55.6 ± 6.4 54.3 ± 5.8 53.2 ± 5.8 52.0 ± 4.9 <0.001*†‖‖¶††‡‡
Right VGRF (%BW) 43.2 ± 4.5 44.4 ± 6.4 45.7 ± 5.8 46.8 ± 5.8 48.0 ± 4.9 <0.001*†‖‖¶††‡‡
COP Y (mm) 0.2 ± 5.6 0.1 ± 7.2 0.00 -1.8 ± 7.3 -1.6 ± 5.0 0.37 
COP X (mm) -0.4 ± 9.1 -0.5 ± 7.2 0.00 0.5 ± 6.8 -0.1 ± 6.1 0.99 
 Club-head kinematics at impact  
Club-face aim (∘) 3.5 ± 2.4 2.1 ± 2.4 1.7 ± 2.4 3.7 ± 2.4 5.6 ± 2.4 0.002*‖‖†† 
Club-head speed (m/s) 35.6 ± 2.5 35.5 ± 2.3 35.5 ± 2.0 35.6 ± 2.1 35.6 ± 2.5 0.97 
Club path (m/s) 0.8 ± 1.5  0.8 ± 1.4 0.9 ± 1.6 1.5 ± 1.7 2.1 ± 1.7 <0.001*†‖‖¶††§§
Angle of attack (m/s) -1.7 ± 0.9 -1.8 ± 1.5 -2.5 ± 1.1 -2.4 ± 1.6 -2.9 ± 1.1 0.003*‖‖ 

Post hoc significant differences (p < 0.05) for pairwise comparisons: *1 left vs. 1 right, †1 left vs. 1/2 right, ‡1 left vs. reference, §1 left vs. 1/2 left, 
‖‖1/2 left vs. 1 right, ¶1/2 left vs. 1/2 right, **1/2 left vs. reference, ††reference vs. 1 right, ‡‡reference vs. 1/2 right, §§1/2 right vs. 1 right. COP Y: 
change of the center of pressure along the mediolateral direction, COP X: change of the center of pressure along the anteroposterior direction, VGRF: 
vertical ground reaction force, BW: body weight. 
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Table 2. Address position variables and P values for the anteroposterior ball positions (mean ± standard deviation). 
 1 Left 1/2 Left Ref. 1/2 Right 1 Right P 
 Address position variables 
Shoulder rotation (°)  -0.6 ± 3.1 -0.7 ±2.9 -0.8 ± 3.2 -0.6 ± 2.7 -0.6 ± 3.2 0.90 
Pelvic rotation (°) 0.6 ± 3.3 0.4 ± 3.0 1.1 ± 3.3  0.9 ± 3.2  1.1 ± 3.2 0.20 
Shoulder side-bending (°)  -12.1 ± 2.7 -12.1 ± 2.7 -12.0 ± 2.6 -11.9 ± 2.7 -12.0 ± 2.8 0.60 
Pelvic side-bending (°) -0.3 ± 3.0 -0.5 ± 3.2 -0.3 ± 2.7 0.0 ± 2.7 -0.0 ± 3.0 0.28 
Trunk flexion (°) 40.2 ± 3.3 40.7 ± 2.9 41.5 ± 2.9 42.2 ± 3.1 42.8 ± 3.4 <0.001*†‡‖‖¶**††‡‡§§
Left hip flexion (°) 32.5 ± 7.3 33.1 ± 7.1 34.1 ± 7.5 34.6 ± 7.8 35.0 ± 7.6 0.02† 
Right hip flexion (°) 35.2 ± 7.9 36.0 ± 8.0 37.1 ± 8.2 37.7 ± 8.1 38.1 ± 7.6 <0.001† 
Left knee flexion (°) 19.3 ± 7.2 19.9 ± 7.0 21.5 ± 7.4 22.0 ± 7.2 22.9 ± 6.8 <0.001*†‖‖¶§§ 
Right knee flexion (°) 22.0 ± 5.0 22.9 ± 5.4 24.4 ± 5.5 25.0 ± 5.2 25.9 ± 5.1 <0.001*†‖‖††§§ 
Left ankle dorsiflexion (°) 3.7 ± 3.4 4.0 ± 3.5 4.9 ± 3.7 5.1 ± 3.7 5.6 ± 3.6 <0.001*†‖‖¶** 
Right ankle dorsiflexion (°) 4.3 ± 2.5 4.6 ± 2.9 5.2 ± 2.9 5.8 ± 2.7 6.2 ± 2.7 <0.001*†‖‖¶ 
Hand height (mm) 667.6 ± 23.3 663.4 ± 22.7 655.8 ± 21.8 652.7 ± 21.6 649.3 ± 19.7 <0.001*†‡§‖‖¶**††‡‡
Head height (mm) 1527.8 ± 48.6 1524.5 ± 47.8 1517.9 ± 51.7 1515.9 ± 48.0 1511.6 ± 46.5 <0.001*†‖‖¶ 
Absolute arm angle (°) -2.8 ± 3.3 -2.4 ± 2.7 -1.3 ± 2.8 -1.1 ± 3.00 -0.4 ± 3.2 <0.001*†‡‖‖¶**†† 
Club-face aim angle (°) -2.6 ± 2.7 -1.9 ± 4.0 -2.1 ± 3.1 -2.7 ± 2.9 -2.7 ± 2.9 0.12 
Lie angle (°) 54.2 ± 2.4 53.5 ± 2.4 52.8 ± 2.3 52.3 ± 2.2 51.9 ± 2.1 <0.001*†‡‖‖¶††§§ 
Loft angle (°)  17.0 ± 2.9 18.9 ± 4.8 18.6 ± 3.4 18.8 ± 2.8 19.4 ± 2.9 0.17 
Left VGRF (%BW)  54.4 ± 4.3 54.1 ± 4.9 54.3 ± 5.8 53.2 ± 4.4 53.4 ± 5.3 0.03† 
Right VGRF (%BW) 45.6 ± 4.3 45.9 ± 4.9 45.7 ± 5.8 46.8 ± 4.4 46.6 ± 5.3 0.03† 
COP Y (mm) -0.5 ± 4.8 -0.6 ± 4.9 0.00 0.1 ± 2.9 -0.7 ± 2.7 0.82 
COP X (mm) -8.4 ± 7.1 -4.1 ± 9.1 0.00 6.1 ± 7.8 11.5 ± 12.2 <0.001*†‡‖‖ 
 Club-head kinematics at impact  
Club-face aim (∘) 3.5 ± 3.7 3.5 ± 3.5 1.7 ± 3.8 5.0 ± 3.2 4.6 ± 3.5 0.002 
Club-head speed (m/s) 35.1 ± 2.5 35.3 ± 2.3 35.5 ± 2.0 35.8 ± 2.5 35.8 ± 2.3 0.003*†¶ 
Club path (m/s) 1.3 ± 1.5 1.4 ± 1.6 0.9 ± 1.6 1.4 ± 1.3 1.2 ± 1.5 0.15 
Angle of attack (m/s) -2.2 ± 1.2 -2.2 ± 1.5 -2.5 ± 1.1 -2.7 ± 1.4 -1.9 ± 1.4 0.02††§§ 

Post hoc significant differences (p < 0.05) for pairwise comparisons: *1 close vs. 1 further, †1 close vs. 1/2 further, ‡1 close vs. reference, §1 close 
vs. 1/2 close, ‖‖1/2 close vs. 1 further, ¶1/2 close vs. 1/2 further, **1/2 close vs. reference, ††Reference vs. 1 further, ‡‡Reference vs. 1/2 further, 
§§1/2 further vs. 1 further. COP Y: change of the center of pressure along the mediolateral direction, COP X: change of the center of pressure along 
the anteroposterior direction, VGRF: vertical ground reaction force, BW: body weight. 

 
 

 
 
 

Figure 4. Pattern of address position changes in mediolateral ball positions: (a) shoulder rotation, (b) shoulder side-
bending, (c) club-face aim, and (d) left vertical ground reaction force (Lt.VGRF). * denote p < 0.05 between ball positions. 

 
Mediolateral ball positions   
In M-L ball position, several variables of the address posi-
tion show significant differences and there is a typical trend 
(Figure 4). One is shoulder rotation (Figure 4a). This typi-
cal trend of shoulder rotation (which is called “shoulder 
alignment” in golf instruction) in the M-L ball position can 

explain errors in the shoulder alignment and may influence 
the direction of the ball flight. Teaching professionals often 
seek to orient alignment of the shoulder parallel to the line 
of the target at the address position (Dusek, 2006; Peper 
and Frank, 1997; Wiren, 1990). However, a previous study 
found that even when golfers did the proper shoulder align- 
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ment procedure, errors in shoulder alignment still occurred 
(Martino, 1990). This error may arise from an inconsistent 
ball position in the M-L direction. This typical trend of 
shoulder alignment may also influence the direction of the 
ball flight because the shoulder alignment may influence 
the club path (Martino, 1990), and the club path determines 
the direction of the ball flight (Sweeney et al., 2013); fur-
thermore, our result also shows significant differences in 
club path with M-L ball position.  

Another address position variable that showed a sig-
nificant difference with a typical trend in the M-L ball po-
sition is shoulder side-bending (Figure 4b), which could be 
a result of shoulder rotation because the 3D plane of shoul-
der rotation is tilted to the same extent as the trunk flexion 
(Figure 5). If the 3D plane of shoulder rotation rotates at a 
trunk flexion of 45°, shoulder side-bending in the two-di-
mensional (2D) plane (YZ plane) and shoulder rotation in 
the 2D plane (XY plane) will rotate at the same angle. Fur-
thermore, we can also speculate that if shoulder rotation 
rotates with a trunk flexion of less than 45°, shoulder side-
bending in the 2D plane will rotate at a smaller angle than 
shoulder rotation in the 2D plane. For this experiment, we 
used the 2D plane method to analyze the shoulder side-
bending and the shoulder rotation. Our results indicated 
that a trunk flexion of 41.5° (trunk flexion at the reference 
ball position), the change in the shoulder rotation is 1.8° 
(shoulder rotation difference between 1 left and 1 right ball 
position), and change in the shoulder side-bending is 1.5° 
(shoulder side-bending difference between 1 left and 1 
right ball position). Thus, we had a trunk flexion angle of 
less than 45°, resulting in shoulder side-bending at a 
smaller angle than the shoulder rotation. This suggests that 
our result of a typical trend in shoulder side-bending could 
be a result of the 3D plane of shoulder rotation. Further-
more, this change of shoulder side-bending could influence 
the angle of attack at impact. 

 
 

 
 

Figure 5. 2D shoulder rotation (°) = 2D shoulder side-bending 
(°) at trunk flexion of 45° 

 

A third address position variable that showed a sig-
nificant difference with a typical trend in the M-L ball po-
sition is the club-face aim (Figure 4c). This typical trend is 

similar to that of shoulder rotation (Figure 4a), which might 
be explicable biomechanically as a relationship between 
the M-L ball positions and the direction of the ball flight. 
Our result of the club-face aim at impact also showed that 
when the ball was moved to the right, the club-face aim 
rotated toward the right side of the target. 

A fourth address position variable that showed a 
significant difference with a typical trend in the M-L ball 
position is the VGRF (Figure 4d; only shows left VGRF 
but right VGRF also has a typical trend but reversed). This 
typical trend of the VGRF may be explained by the club 
loft angle, which showed almost no change in the M-L ball 
position (1 left vs. 1/2 left vs. ref. vs. 1/2 right vs. 1 right: 
18.5° ± 2.8 vs. 18.2° ± 2.8 vs. 18.6° ± 3.4 vs. 18.5° ± 3.0 
vs. 18.6° ± 2.7, respectively), as rotation of the shoulder 
toward the same direction as the ball movement to maintain 
the club loft angle may have ultimately influenced the 
VGRF. 

In addition, absolute arm angle, hand height, and lie 
angle also show significant but minor differences in the M-
L ball position (max output – min output: 0.6°, 3.9 mm, and 
0.4°, respectively) with a zigzag trend. We believe that 
these results are probably not important findings as this mi-
nor level of change could just be a result of the change in 
shoulder rotation. 

In summary for the M-L ball positions, if the ball 
was moved to the left, the unchanged club loft angle may 
create shoulder rotation and club-face aim alignment to the 
left of the target, which may increase the left VGRF. In ad-
dition, shoulder side-bending changes could be the result 
of shoulder rotation due to the angle of trunk flexion. Con-
versely, if the ball was moved to the right, the opposite re-
sults occurred. Moreover, this changes of the address posi-
tion could cause significant differences in club-head kine-
matics at impact, such as club-face aim, club path, and an-
gle of attack. 
 
Anteroposterior ball positions 
In the A-P ball position, many variables of the address po-
sition also show a significant difference with a typical trend 
(Figure 6). One is the T-H-K-A (Figure 6a-d), which is 
body angle changes in the sagittal plane. Other variables of 
the significantly changed address position include the hand 
and head height (Table 2), and the lie angle (Figure 6e) 
have a critical relationship in the A-P ball position (Figure 
7). The length of the club shaft (C) remains constant. 
Therefore, when the ball was moved closer (b < b`), the 
hand position became higher as the lie angle increased (a > 
a`). The higher hand position then caused the T-H-K-A to 
extend and the head position to go higher. Conversely, 
when the ball was moved further away (b < b`), the hand 
position got lower as the lie angle decreased (a > a`). The 
lower hand position then caused the T-H-K-A to flex more 
and the head position to go lower. 

In addition, we considered whether there was any 
other movement of the hand position other than vertically. 
We quantified the absolute arm angle in the sagittal plane 
to check any other movement in the hand position (Table 
2). We found that when the ball was moved closer, the ab-
solute arm angle moved closer to the body, and when the 
ball was moved further away, the arms dropped naturally 
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in a vertical line (d and d` in Figure 7). Our results con-
cerning the absolute arm angle in the A-P direction can be 
practically used to improve the arm position in the address 
position. Adlington (1996) suggested that the arm should 
naturally drop from the shoulder at the address position. 
However, our results showed that the furthest away ball po-
sition (one ball further away from the reference ball posi-
tion) was the closest for obtaining a zero degree/straight 
drop outcome. Furthermore, when the absolute arm angle 
moved closer to the body, it may generate a COP X toward 
the posterior direction (Figure 6f). 

Furthermore, the club-head kinematics at impact, 
club-head speed, and angle of attack changed significantly 
in the A-P ball position. Future research including in-swing 
variables is suggested to explain this change of the club-
head speed and angle of attack in the A-P ball position. 

In summary for the A-P ball positions, when the ball 
was moved closer, the hand position became higher as the 
lie angle increased. The higher hand position then caused 
T-H-K-A extension and a higher head position. Further-
more, when the ball was moved closer, the absolute  

arm angle   moved   closer   to   the body and this closer 
arm angle may generate a COP X toward the posterior di-
rection. Conversely, if the ball was moved further away, 
the opposite results occurred. The amount of vertical hand 
positioning can be reduced through A-P movement of the 
hand position. Therefore, the two-way movement of the 
hand position (vertical and A-P) may reduce the change in 
the body angle and minimize the change of COP. 
 

 

 
 

Figure 7. Change of body angles in anteroposterior ball 
positions. 
 

 

 
 
 

Figure 6. Pattern of address position changes in anteroposterior ball positions: (a) trunk flexion, (b) left hip flexion, (c) 
left knee flexion, (d) left ankle dorsiflexion, (e) lie angle, and (f) COP X. * p < 0.05 between ball positions. 
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Conclusion 
 
Previous research on the ball position offers a limited bio-
mechanical explanation for understanding the relationship 
between the ball position and ball flight. Our results sug-
gest possibilities that can offer a biomechanical explana-
tion. In this study, we found that the address position was 
affected by the movement of the ball position in the M-L 
direction and A-P direction. Movement in the M-L direc-
tion: shoulder rotation and club-face aim rotated in the 
same direction as that of the ball and the VGRF in that 
same direction increased. Movement in the A-P direction: 
when the ball was moved closer, the T-H-K-A extended, 
the COP X moved toward the posterior direction, and the 
lie angle increased. These changes were reversed when the 
ball was moved further away. Therefore, the M-L ball po-
sition critically changed the address position of the upper 
extremities in the horizontal plane, and the A-P ball posi-
tion critically changed the angle of whole body parts in the 
sagittal plane. The amount of ball position movement in-
volved only 2.14-cm and 4.27-cm changes. Therefore, the 
many significantly changed variables of the address posi-
tion with respect to this little movement of the ball position 
can be a meaningful result. Furthermore, this in-depth un-
derstanding of the address position in association with the 
ball position could provide valuable data for swing coaches 
when finding the optimal address position for golfers. For 
example, if a golfer seems to have too much weight on their 
heel, we can suggest them move the ball position further, 
thus, the weight will naturally move towards their toe with-
out artificial movement. 
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Key points 
 
 If the ball was moved to the left, shoulder rotation and 

the club-face aim aligned toward the left of the target, 
and the left VGRF increased. Conversely, if the ball 
was moved to the right, opposite results occurred. 

 If the ball was moved closer, the hand position became 
higher as the lie angle increased, and T-H-K-A ex-
tended. Additionally, the absolute arm angle moved 
closer to the body, and the COP moved to the posterior 
direction. Conversely, if the ball was moved further 
away, the changes were reversed. 

 Our findings could provide valuable data for swing 
coaches when they are working on finding optimal ad-
dress position with golfers. 
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